Abstract-The antifungal activity of Azadirachta indica L was investigated against Alternaria solani. sorauer responsible for early blight in potato. Different concentrations of leaf and fruit methanol extracts viz. 1%, 2%…5% were applied against A. solani. Leaf extract was found more significant than fruit extract. This extract was subjected to bioassays guided fractionation by using various organic solvents viz. n-hexane, chloroform, ethyl acetate and n-butanol. In vitro antifungal activities of these fractions were tested against A. 
I. INTRODUCTION
Potato (Solanum tuberosum L.) is the fourth important crop worldwide by volume of production; it is high yielding and having a high nutritive value and grown in about 140 countries [1] . Pakistan is self-sufficient in potatoes for household consumption and relies for more than 99% on locally produced seed potatoes. Presently, it is estimated that the total annual domestic production is around of 2148.26 thousand tons over as area of 127.75 thousand hectare of land [2] .
Alternaria solani is the causal agent early blight of potato that leads to major damages to potato crop. It is a major foliar disease of potato and causes 20-50% yield loses. It produces small, darkened lesions on the plants that spread into growing black spots of dead tissue. A. solani overwinters as mycelium or conidia in plant debris, soil, infected tubers or on other host plants of the same family. The disease is controlled primarily through the use of cultural practices such as resistant cultivars and foliar fungicides, crop rotation, tillage, removal and burning of infected plant debris, and eradication of weed hosts helps reduce the inoculums level for subsequent plantings. The most common and effective method for the control of early blight is through the application of foliar fungicides. Protectant fungicides recommended for late blight control (e.g. maneb, mancozeb, chlorothalonil, and triphenyl tin hydroxide) are also effective against early blight. But on the other hand the pesticide treatment is not protected as chemicals pollute environment, effect health vulnerability in humans and when these harmful chemicals enter into the food chain become hazardous to all living entities. [3] - [5] . Botanical derivatives like phenols, tannins, and flavonoids are environmentally safe and may be used as an alternative to commercial fungicides for controlling pathogenic fungi [6] - [7] .
Neem (Azadirachta indica) has been extensively used in Ayurveda, Unani and Homoeopathic medicine and has become a cynosure of modern medicine. Extracts from seeds and leaves exhibits immunomodulatory, antiinflammatory, antihyperglycaemic, antiulcer, ant malarial, antifungal, antibacterial, and antiviral, antioxidant, ant mutagenic and ant carcinogenic properties and this also as insecticides for agricultural use [8] . Fungicidal properties of neem extracts are promising and significantly reduced conidial germination in several fungi. The present study is designed to evaluate the antifungal properties of Neem (Azadarachta indica) against destructive plant pathogenic fungus Alternaria solani that caused early blight in potato.
II. RESULTS AND DISCUSSION
All the data was analyzed by analysis of variance (ANOVA) followed by Duncan's multiple range tests (DMR) computer software. The analysis of variance show significant effect of different plant parts of A. indica solvent extracts and their different concentrations on growth of fungus.
A. Antifungal Activity of Methanolic Extract of A. Indica
Leaves Data revealing methanolic extract of Azadirachta indica leaves against Alternaria solani was presented in (Fig. 1 & 2 (Fig. 3 &  4) . Data recorded after 7 days incubation period showed that the highest concentration (5%) was highly effective against the target fungus as it retarded fungal growth 43.5% as compared with control followed by the 2% concentration with a reduction of 39.2%. Fruit extracts other applied concentrations also significantly suppressed the in vitro growth of A. solani upto 37.5%. 
C. Minimum Inhibitory Concentration (MIC)
Antifungal activity of Azadirachta indica leaf extract's isolated fractions with a reference synthetic fungicide (Metalaxyl+Mancozeb) 72 WP against Alternaria solani was determined by MIC assay after 24, 48 and 72 hrs incubation period. Ethyl acetate fraction was found to be extremely antifungal as clear from the results, its highest as well as lowest (100 mg -0.190 mg) concentration completely inhibits the conidial germination after 72 hrs incubation period. Other fractions were comparatively less antifungal, among these n-hexane fraction is least effective. Effectiveness order was; Ethyl acetate > nbutanol > chloroform > n-hexane. The reference fungicide (Metalaxyl+Mancozeb) was also not found so effective in reducing the spore germination of A. solani as its high concentrations retard fungal growth but its last three concentrations did not retard fungal growth after 72 hrs period of incubation. The results were highly pronounced when compared with controls of water & DMSO, in both treatments (Water & DMSO) conidial germination starts within the 24 hrs incubation and visual mycelium was observed (Table. I ).
In the present study methanolic leaf & fruit extracts of Azadirachta indica were significantly controlled the growth of target fungus Alternaria solani. Different leaves extract different concentrations (1%-5%) significantly reduced the fungal growth. Fruit extracts also showed antifungal activity but the difference in both these extracts was that the fruit highest concentration was effective in retarding fungal growth. Antifungal activity of neem is due to different types of tetra terpenoids & phenolics [9] . These findings are supported from the literature as [10] evaluated the aqueous extract of Neem (Azadirachta indica A. Juss) on hydrophobicity, biofilm formation and adhesion in composite resin by Candida albicans and [11] evaluated the antifungal activity for several medicinal plants against the early blight fungus (Alternaria solani). Leaf extract was selected for further treatment and different organic fractions viz: n-hexane, chloroform, ethyl acetate and n-butanol were partitioned from the crude methanol extract of A.indica leaves [12] . The MIC (Minimum inhibitory concentration) values ranger from (100 mg-.019 mg) were also recorded by making different concentrations of n-hexane, chloroform, ethyl acetate & n-butanol by serial dilution method. A synthetic fungicide (Metalaxyl+Mancozeb) was also used as reference and compared with control of water & DMSO. Ethyl acetate fraction was much effective than the synthetic fungicide which showed that plant allelochemicals are best than the synthetic chemicals in having antifungal activity as three novel tetracyclic triterpenoids bioactive compound were isolated from the methanolic extract of the leaves of A. indica that showed prounced antifungal activity [13] . 
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A. Collection of Test Plant Material
Leaves and fruits Azadirachta indica were collected Lahore College for women university, Lahore Pakistan. After extensive washing with tap water, the plant material was surface sterilized with 1% sodium hypochlorite solution followed by distilled water. These plant materials were dried at 40 °C in an electric oven and grinded carefully to form powder.
B. Procurement and Culturing of Alternaria Solani
Pure culture of test fungal species A. solani was obtained from Ayub Agriculture Research Centre, Jhang Road Faisalabad, Pakistan. These cultures were preserved on 2% PDA (potato dextrose agar) medium & were kept at 4 °C in refrigerator.
C. Screening Bioassays Preparation of Organic Solvent
Extract Twenty grams material of each plant part was soaked in 100 mL of methanol for three days at room temperature. Materials were filtered through an autoclaved muslin cloth followed by filter papers. The volume of organic solvents was reduced upto 2 mL by evaporating at 35°C in an electric oven and then diluted by adding the appropriate quantity of distilled water to make final volume 100 mL. These stock extracts were stored at 4 °C [14] .
D. Antifungal Bioassays
2% PDA medium was made in 250 mL flask and was autoclaved at 121 º C for 30 minutes. To 80 mL of PDA and adequate amount of distilled water was added in each flask of all applied concentrations of leaf & fruit of A.indica. The applied concentrations were 5%, 4%, 3%, 2% and 1% The plant extracts were gently mixed with the extracts. Control treatments were without any plant extracts. Each concentration was endowed with Chloromycetin capsule @ 50mg 100 mL -1 of the medium to avoid bacterial contamination. 20 mL of each medium was poured in 9 cm sterilized Petri plate in vitro antifungal bioassay was conducted with organic solvent extract. 5 mm mycelial discs were prepared using sterilized cork borer from the tip of 7 days old culture of Alternaria solania and were placed in the centre of each Petri plate after solidification of PDA media. Three replicates were made for each treatment. All these plates were incubated at 25 ºC for one week. After 7 days fungal growth diameter was measured by taking average of three diameters taken at right angles for each colony. Percentage growth inhibition of the fungal colonies was measured by using the formula:
Growth inhibition (%) =Growth in control -Growth in treatment ×100 Growth in control
E. Fractionation Guided Bioassays
Leaf extracts of A. indica were found very effectual in suppressing the in vitro growth of A. solani. This extract was selected for fractionation.
F. Partitioning of Plant Material
Leaves of A. indica were partitioned with various organic solvents viz; n-hexane; chloroform (CHCl 3 ) followed by ethyl acetate (EtOAc) and n-butanol at room temperature. Five hundred and eighty grams of A. indica leaves were thoroughly extracted with methanol (MeOH) (1 Litre 300 mL) at room temperature. The extract was evaporated under vacuum on rotary evaporator (Buchi Switzerland R-210) at 40 0 C, yield 22 g gummy mass. This (22 g) methanolic extract was partitioned between n-hexane and water. The aqueous fraction was successively partitioned with chloroform, ethyl acetate and n-butanol [15] . This partitioning was resulted as gummy mass of n-hexane (1.7 g), chloroform (1.4 g), ethyl acetate (1.5 g), n-butanol (1.2 g) and remaining water fraction. Partitioning was done by using separating funnel.
IV. MINIMUM INHIBITORY CONCENTRATION (MIC) EVALUATION OF THE ISOLATED FRACTIONS
The MIC (minimum inhibitory concentration) of the four isolated fractions were tested alongwith a commercial synthetic fungicide (Metalaxyl+Mancozeb) 72 WP in test tubes by serial dilution assay [16] [17] with small amendments. For MIC assay, maximum 1g of each fraction was dissolved in 2 mL of DMSO (dimethyl sulphoxide) & 2 mL of distilled water and this concentration was further serially diluted and the minimum tested concentration was 0.19 mg/mL. Seven days old culture of A. solani was taken and freshly prepared 2% PD medium was added in it to reach a final conidial concentration of 110 5 , 100 L of this was added to test tubes of 1.6 cm diameter and 15 cm length. Test tubes containing DMSO and distilled water was served as control. These test tubes were incubated at 25-30 C. after 24, 48 and 72 hours, MIC of the fractions and fungicide was observed visually by using inverted microscope to study the fungal mycelial growth.
A. Statistical Analysis
Data were analyzed statistically by using ANOVA followed by Duncan's multiple range tests [18] .
